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A COMPARISONOF TH13RESULTS FROM GENERAL TANK TESTS

03’1/6- AND 1,/12-TULL-SIZE MODELS OF

THE BRITISH SINGAPORE IIC YLYII?GBOAT

By Starr Truscott and John R. Dawson

SUMMARY

“A l/6*full-sizemodel of the hull of the British
SingaporeII()flying boat was tested in the NACA tank.
The results are given in the form of charts-andare coiQ-
pared with thq results of previous testsmade in the NAOA
tank of‘al/12-full-sizemodel, published in NACA T.N.
No. 580, and with the results of tests made in the British
R.A.E. tank of another l/6–full-sizemodel of the same
hull.

When the data from the tests of the 1/6- and 1/12–
full-sizemodels were comparedon the basis of Froudels
law of comparison,differenceswere found. g-hf~fa~~ -
supportedthe belief that the small scale of the model
and the use of a model that was too small to suit the

. equipmentof the NACA tank had caused the results of the
tests of the l/12-full-sizemodel to be less reliable
than the results of the tests of the l/6-full-sizemodel.
The results of the tests of the two models agreed suffi-
cientlywell to show that tests of a smallmodel, if made
meticulouslyand with suitableequipment,may give usable
results,hut that a larger model should be used.whenever
feasible.

The results of the NACA tests of “thel/6-full-size
model were found to be in good agreementwith the R.~.E.
tests of a model of the same size.

..—

INTRODUCTION

..... .... ..__

.

. .

.

A l/6-full-sizemodel and a l/12-full-sizemodel of
the hull of the British Singapore,ZICflying boat have

,
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been tested in tiheR,A,13.tank and-the results of these
testshave been reported in reference1. The l/12-ful&
sjze model was Later l.oanetlto the NACA l)ythe Director
o? Research,BritishAir Ministry,for comparativetests
in the EACA tank. The I?ACAtests of the l/12-full-size
model were reported in reference2. The model, which was
4 feet 7 incheslong, was so emall that, althoughthe re–
suitsappearedto he fairly good and t.ocomparewell with
the results of the tests of the same l/12-full-sizemodel
in the R.A.Zl.tank, it was thoughtprobablethat tests of
a model better suitedto the equipment.of the NACA tank
might give somewhatdifferentresults. The question in-
volved not scale effectalonO %ut a combinationof scale
effectwith possible error in the measuronentof quanti-
ties that were very near the lowor limit of the capacl%y
of the MACA equipment. It was thereforeconsideredde--
sirableto test a l/6-full-sizemodel of the Singapore
IICJand provide data for comparisonwith the IIA(IAtests
of the l/12-full-sizenodel and.the 11.A.E.testisof the
l/6-full-sizemodel as well as conpa’risonswith the HAC!A
tests of a number of other nodels of approximately$he
sane size. A l/6–fulZ-sizemodel reproducingas nearly
as feasi%leevery feature of the l/12-full-sizenodel was
nade ant!tested in a nannor parallelingas far as possible
the tests of the l~l>full-size model. The tests were
made in 1936. The resulls of the testshave been presented
in the same form as in reference.1.

THE MODEL

.
Photographsof the l/l>fu21-size model (model 58)

are shown in figure 1.

‘1

v

--

—

The l/6-full-sizemodel was constructeiif~~m offsets
obtainedby doublingthose of the l/12-full-sizemodel.
The model-wasmade of laminatedwood, sanded,varnished,
and rubbed. The l/12-full-size-modelhad hoen refinished

‘ Before it was testedand the finish of the present model
was made the same as that of the smallermodel.

----.—
The principaldimensionsand ratios of the l/6-full-

size model are as follotvs:

Over-alllength, in. . . . . . . . . . . . . . . 109.86-
Length,bow to second step, in. . . . . . . . . . 9?.20
Forebodylength, tn. J. . ● ● . .“,.. . . . .. . 54.78

.-
i
-.
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Afterbodylength (main step to second step),
in. . . . . . .. . . . .. . . . . . . . ..=

Maxiuumbeam,in... ● . . . . . . . . . .
Depth of main step, in.:-k . . . . . . . . . .
i)epthof main step, percent of beam . . . . .
Center of gravity forward of.st.ep,,in. . .-. .
Center of gravityabove keel, in. . . . . . .
Angle of dead rise at main step (angle between
horizontaland line drawn from chine tangent
tokeel), den,..... . . . . . . . . . . .

Angle between keel aft of main step and keel
forward of main step, deg. . . . . . .“. .

Torebody,percent of length to second step . .
Maximum beam$ -percentof length to second step

APPARATUS

A desc~ipttonof the
is given in reference3.

. . . 42.42”

..*- 21.60

. t. “1.04

. . . 4.81

. . . 5.80

. . . 2%.”50

. ,* . 18.5

..6 7.0

..-. 56.4

. . . 22.2

‘ANDPROCEDURE

IWC!Atank and the towi~g carriage
Yb.e towing gear used in these

.

—

tests is describedin reference4. —

The model was testetiby the generalmethod.in the
same manner that the l/12—full-sizemodel was tested with
the center of moments at the position of the center of
gra~iiiy..Z!hemodel was tested at the same trims and

—-—.-. —

throughranges of ioad and speed correspondingt0 the
ranges through which the l/12-full-sizemodel was tested,
the ranges being increasedin accordancewith Yroudets
law of comparisonfor the increasedsiz-e-”o=heinti~-”- “
In order to facilitatedirect comparisons,the load par-
eters that were tested were made to correspondwith those
used in the tests with the smallermodel. (There was no
change in the denBity of the water betweenthe tests of
the two models.)

In addition to the fixed–trimtests a general free–
to–trim tsst, which did not includehigh speeds, was made.
In the free-to-trimtest the model was balancedto bring
the center of gravity of the model to the position uorre– —
spendingto the centqr of gravity of the full—sizehull.
The load parameterswere the same,“asthose used in the —

fixed–trim,,tests. -.

As is ;he usual practice ~ the NA.CAtank, the air
drag of the towing gear was obtainedby making runs wi-th-
out”the model. !T!hetare resistancewas then deducted

—

from the gross resistanceto obtain the net air-plus–
water resistanceof the model.



In order to corrolatethe data from the present tasts
with the rssult’sfrom the R.A.Il.bank, an approximatecor-
rectionfor tha air drag of the model was obtainedby tow-
ing tho model in air close to the surfaceof the water.
This pr:ocodurecorrespondsto the method used in deriving
the results from the R.A.E. tank (reference1). The cor–
rectionthus obta<nedis given by the equation:

AR = 0.095TP2

where AR is the correctionin pounds to be subtracted
from the full-sizeresistanceas derived from I?ACAtank
tests in order to correspondto full–sizeresistanceas
derivedfrom R.A.E. tafiktests and VF is the full-size
speed in knots, This correctionwas applied only in the
fi~.ves showing comparisonsbetweenthe I?.4CAand E.A.Xl.
data.

No correctionswere appliedto the trizmingmoments
obtainedin the NACA tank tests,althoughin the R.A.E.
tank the aerodynamicmoment was eliminatedin a manner
similarto that for resistancedescribedin the fore-
qoingparagraph. At high speqds,at whicht-hoaerodymmlc
noment on the model is appreciable,the trimningmoments
from the two tanks should, therefora,-showsone differ–
ences becaus~ of this differoncain procedurealone. Th~
trims obtainedin free-to-trimtests shoulddiffer for
the same reason.

.

●

—

:

Drafts were ~easured at the nain step as a conven—
ient point of reference even though the afterbodyeone–
times was ire-thewater

RESULTS

Test Data

The results from the fixed-trimtests are shown in
fi{;ures2 to 19. Xach figure representsono value for
trim and tho load on the model is the parameter in all

●

cases. The variations.ofresistance,trimmingmoment,
and draft with speed are plotted-infigures 2 to 7, *
figures8 to 13, and figures 14 to 19.,respectively. The
free-to–trimresultsare shown in figures 20 and 21, in
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which resi.stance.andtrim are plotted against speed.with
the load as a parameter. ------

In”orderto obtain exact comparisons,the results
for the l/12-full-sizemodel have been converted.to 1/6

.-

full size and are showh by dotted lines in figures 2 to 21.

NondimensionalData

The trim for minimum resistanceis determinedby
cross-plottingresistanceagainst trim for selectedspeed
parameters. The data thus determinedfor best trin are
converted.to the followingnondimensionalcoefficients:*

Speed coefficient, Cv = —
J:z

Load coefficient, ACA==
Wb .— .-

Resistance coefficient, %=”$

.-
. Trimming-nomentcoefficient, Mc~~ = —~b 4

where

v speed, feet per “second . ..
—.

~ accelerationof gravity,feet per secondper secon~

b maximum beam of hull, feet

A load on water, pounds

w specificweight of water, pounds per cubic foot
(w = 63.5 lb/cu ft for the water in the ~“CA tank
during these tests)

R resistance,pounds . ..

M trimmingmoment, pounds-feet
,—
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Any other consistentset of units maY, of COIHSeJ be used.
The data, convertedto these coefficients,are shown fn .
figures22 to 25. In ftgure 22, CR is plotted agatnst
CA with Cv as a parameter,and~ in figure 233 CR is .
plottedagainst ~ with CA as a I?ar-eter. ~ig~e .-
24 ShOW9 TOY the best trim, plotted against CV with
CA as a Sarameter. Tigure 25 shows CM at To plotted

against CT with CA as a yarameter.

COMPARISONlfZTHEARLIER TXSTS

ComparedWith NACA l/12-l?ull--8izeModel —

-e ef &M& ●- T!hepresent tests were not undertaken
f-orthe purpose of establishingthe order Of the scale
effect encounteredin tank tests. The testing of only two
models would be inadequatefor such an investigation.
Tests dealing with scale effectare reported in references .
1, 5, and 6. The minimum-sizemodel for satisfactorilyac-
curate conversionof model data to full size, on the %asis
of Froude~.slaw of comparison,is discussedin each of v
these references;and the size of the mode~ normallytested
in the NJ4GAtank ap~ears to be larger than’the averageof
the minimum sizesrecommended. The present l/6-full-size
model is slightlylarger than the size normally tested in
the NACA tank.

Resistance.-Zxaminationof tke curves of figures2
to 7 shows, as might be expected,a generaltendencyfor
the convertedresistanceof the l/12–full-sizemodel to
~e greaterthan.the resistancefor the l/6–full-sizemodel.
~he smallermodel consistentlyindicatesa greaterhump
resistance,and the percentagedifferencesgenerallyin-
creasewith load and decreasewith increasingtrim~ The
maximum differencesat the hump, which are of the order of
15 to 20 Tercent, occur at smal~ trims and, as a result,
would not be noted in a normal take-off. In the range of
trims that would normally occur in take–offsthe di,ffer–
ences in the hump resistanceare less than 8 percent. The
differencesin resistancejustihbo~e the hump speed,when

●

convertedto the same size, are inconsistentfor the two
models but are$ in general,le#s than the differencesat P,’
the hUmp.

.- -. —.
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At the hiGher s~eeds~”the convertedresistancesare,
in general,larger for the smallermodel than for the
largermodel. On a percentagebasis the differences”af
high speeds are extremely“largebut, because a largti-part ‘- “-”
of the total air--plus-waterresista~ce”of a seapl”ariea~
high speeds is caused by air drag, the effect of the d~f- ‘“-–
ferences on take–off calculationsis considerablyless
than it would.first appear to be.

tiir.min~mo~ent.— In figures 8 to 13 the curvesfor
the small model are consistentlyabove those for the large “--”
model, indicatingthat the center of pressure is relatfve–
ly farther forward on the smallmodel than on the large
model. This fact is further demonstratedin figure 21,
where it is seen@hat the trim is cotisistentlygreaterfor
l/l>full–size mod.e~than for the l/6-full–sizenode~
These results are in agreeme~twith the results described
in references1 and 6.

ComparedWith R.A.E. l/&l%ll-8ize Model

The results obtained in the NACA and R.A.X. tanks
have been convertedto correspondto a full-sizegross
load of 27,300 pounds. Yhe wing lift was a~ylfed accord—
ing to the lift-coefficientcurve given,in figure 16 of
reference2 for a wing area of 1760 squarefeet. T“h6data
for the R.A.E. tank were taken from figures 2“4,”26; an&”’27
of reference10

In the curves of trimmingmonent from the R.A.E. ‘
‘teststhe aerodynamicmonent of the model was deducted;in
the NACA curves it is not deducted. The resistancevalues
for the tests from both tanks were correctedfor the air
drag of the model. The curvesrepresentingthe datq from
the NACA tank tests were obtainedfrom figures 2 to 13,
20, and 21 by cross-plottingresistance,trimmingmoment.,
and trim againstload.at selectedspeeds and by deter-
mining the values of these variablesfor the computedloa&s.

A comparisonaf the results of the free-to-trimtests
made in the two tanks should show differ~n”cesin trins be—
cause, in the R.A.31.tests, &erodynami’c-nomenton the
model was eliminated. The resistanceobtainedin the NACA
tank a% the trims given in the:resultsof the R,.A.E.free-
to-trim tests was dgtermj.n”ed. froq:the NACA ffxed–tri~data,–’“
The resistancethus determinedis conparedwith the free-
to-tri~resistancefron the R.A.E, tank ii~figure 26. The
agreementhere is consideredto be especiallygood.
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.

A comparisonof the resistancesobtainedin the two
tanks for trims at three differentspeeds is shown in
figure 27. The agreementhere is, i~ general, considered
to be satisfactory. An exceptionoccursat high trims.
for a speed of 53.2 lczots. In t-hisregion the NACA.model
was riding on the e.fterbod.ywith the main step clear of
the water.

A comparisonof the trizmingmoments,at the same
three speeds mentionedpreviously,is shown in figure 28.
The values of the trimmingmoments found in the NACA
tests are consistentlysmallerthan those obtainedin the_
R.A.E. tests.

These comparisonsindioatethat the results of the
NACA and R.A.E. tests of the l/6-full–sizemodel show
about the same agreementas the results of previoustests
made in the two tanks of a l/12-full-sizemodel. The
differencesin resistanceand trimmingmoment observedin
the tests of the l/6-full-sizeand the l/l>full-si~e
models in the NACA tank might at first appear to be greater
than those obtainedinthe R.A.E!.tests of two models of
the same scales,but a close inspectionshows that the ●

large discrepanciesia the I?ACAdata for the two models
were obtainedunder conditionsthat-werenot tested in
the R.A.E. tan!c,that is, at large
very high speeds.

CONCLUSIONS

1. !Phereis some scale effect
suitsfrdm the tests with tho l/6-
lnod.els. !Iheresults are such that

loads, small trims,and
f

indicatedby th~ re–
and l/12-full-s3ze
if the full-~izere-

sistanceis computedin the usual manner, it will be
largerwhen computedfrom the results of the tests of the
smallermodel than it would he if the resultsfrom the
largermodel were used. Because it has been established
that’thelargermodel will give more reliableresults,
it may be conclude&that the full-sizeresistancewould
be overestimatedby using the results from the tests with
the smallermodel. “

2. A comparisonof the data from the NACA tests of
.

.~hel/6~full-sizemodel with the data from the R.A.E... .- #
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.

●

tests of a model of the same size shows that the results
are in sahstantial agreement.

Langley~iemorialAeronauticalLaboratory,
NationalAdvisory Committeefor Aeronautics,

LangleyYield.,?Ta., June 9, 1942.
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